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Abstract 

PURPOSE: To prevent the generation of an increase in a contact resistance between source and drain regions and 
source and drain electrodes, an increase in the electric resistance of the source and drain regions and an increase 
in the junction capacitance of the source and drain regions after an element isolation region is made small and to 
flatten the surface of a device. 

CONSTITUTION: An element isolation is performed using together trenches 2 and an insulating film 3a. The width 
of the trenches 2 is held constant on a substrate 1 . The sidewalls of the film 3a are used as contact holes 10 as they 
are. An ion-implantation is performed in the substrate 1 via the holes 10 and N<-> regions 9 are formed. N<+> high- 
concentration regions 12 are formed of a polysilicon film formed in the holes 10, Source and drain regions 13 are 
respectively formed of the N<-> low-concentration regions 9 in the substrate 1 and the N<+> regions 12. The 
polysilicon film is etched back to as to leave the polysilicon film only in the holes 10 to form the N<+> regions 12. 
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[0 0 0 9} Sfc. MOS h^>^X^lr*3t.JT 
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1 6 nh^^nii-^ 1 m\z^ie,m.<n'-^mw-^Winumijmzio 
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[0 0 3 9] 5«5}<JS6Sfc«s«^3B7tC?2®CD5gBfliCj; 
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[0 0 4 0] gS;i<g}8~i 1 CD u-rn*^ 13® ict2«c7>^ 

[0 0 4 1] i^^is 1 0 \z^m.<Dmj\\z^nvi. vvy 
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[0 0 4 2] aS^Jg 1 2 \Z-^m.<D%m\Z^fl',t. ^ifili 

ic86n/i:SOG€fflv^^:itT, hu>?'^?t^[::a& 
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[0 0 4 5] m^m \ Q\z%m<D^m\z^n\t. -i^ty 

20 n^m^-om^\zW'^-f^z.t.t'^x^^, mi^m\7\zt^ 
m.o:>^m\z^ix\t, ^sft®fc56<D!t^S'j<^xe*;fiv^5 

[0 0 4 6] mi^^ 1 8 f'Sg«CO^Ej}!cJ;n«, iej!®,^ 

® * (1 H ly-l- t Ki^ja t CD :t- 5 ^ 3 > 5' <^ 
h&<hS^i*^-r^So ^fc. SR}]i^i^)g?*}^fiS-rijX 

5(? [0 04 7] 

5' i3 J; « ^ -T^>«i \z^.mt iyfz-m.mm^ w& \z se 

[0 0 4 8] XSl mi (a) #M) ; R I Efe^ffl 
v>. p jSi^Li!gfs-> U n 1 ±CD3j«^5>«tE?S«E a\zV 

Si<o^Ba{c^i&!^3*itlCi$-ti:. huy^2a:>p^mz 

mm^3?:-^mvxmi^'^t}tmz, &mi±\zmm 

^l-C. *Siii!?^3 <i:LT«M^>5"2CDffelf5ES:^^iC^tS 

Wicd. mtyoziy, -^jtyj^y. y>)^-h:fi^ 

-^LT, ^Kl ±cD^-T^fi£«*^^*'!S5m-rsj;-5 

[0 0 4 9] ccT, ^5!'7K-r<i;otc. &^j-'A'mm 
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mmma l-- a 3\ZMb%^rL^^hU>^2 a~2 

[0 0 5 0] f^. h\y>^2(DM^-sn^&imtmT-^ 

Xg2 (1211 (b) mm) ; 5!?-T-J^J5£®^i3i:t-y-h 

PiA^<btji^^ii5^mmv, ^<D.t\zmi^m&i:mbZ-r 

[0 0 5 1 ] IS 3 (1^2 #58) :#M4~6^A5'- 

^. ^LT. y'/u 7.<Ditm\zm&^^mmL. ^SSX 
tT. mB:m3 sL^^zj(y-hmm7(Dmmizmmm^ 

>aAfflvxi'iLTSgci fc'j>^<:f>aA (ax 

tg;£ ; 5 0 k e V, 2EAiSS : 1 X 1 0>3 crn-^ 

>?'iA«^fr{i. n- mi$.9<D^m<i^m!&finx 10" 

~1 O's cm Mc;^j:^i;5l3g§:^g-r«io 
[ 0 0 5 2] tiii. i&mms a, y-hm<«7, -y--< HO 

hTl^-jH 0 t/i^, t«-3T, XglT«, 3>^^h 
T^-;H 0(75<iS*5i;r>'-tffi^^jSKLfc±T> Ifii^KS 

^ - - > iT'co^sjgt)^ ^ ^<^-r s „ 

[0 0 5 3] (ia3#5fi?) :CVDfe^;8V\x 

A'-i- X cr>:^istc y > g V >j n 1 1 ^mm 

V. :j>5'^' h4^-;H OCDrtg2fc4^'J->'J=i>^l 1 

^ 1- ^>a-:A (aiA^ffi : 5 0 k e V, fiAjS^ : 1 x 
10'* cm-') -rSc StV^T. 

mmum 9 o or^ ^mmr^ ; 3 0^) iff^:it 

T, n- filftX9"4JCOU>-f :t>&fSt4'll:5-ti-^<i:*iC. 
[0 0 5 4] Z.(Dt^. ^U->'Jr!>Kl l?5-'^)n- 

(1) #'Ji>Un>mi 1 in- tcDn>5'i7 NJg 

CO 0 5 5] (2) n- mm9(7)i^i^^SL^m±^-ttU 
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m^^-r^^i^^. Tt^U ->Ur]>Ml lin- m4^9t 
COny^i; h^mti&m-V^^A^. n- «Sig9<Z)^^^ 

[0 0 5 6] ±HB(1).(2) co^ft^&^tiCi^SS^SiC 
:4^'J->'Jn>mi 1 ®m;5t*5j;u:t^-03-i':t>fi;A 

i^J ff^SSic. xJ^'J->>Jn>^c73i^;??ijJ:o:'T'^>f£AH- 

nJ*gTfe^Ct$:^aSL'Tl'^5 (FuJiwara et al: "Di 
ffusioD of Phoshorus in Poly/Single Crystalline " 
lEICE TRANS. ELECTRON.. V0I.E75-C, No. 9 September 199 
2. PP995-999 PM) , 'J i> 'J 3 >^ 1 mm 

n- m.m-^o\im-(-t>(D^^^'^mzu'&x^^. 

[0 0 5 7] XS5 (ia4« : ±cSx-y?^A'-y^?i 
Sffl t.:>T# 'J -> U n >K 1 1 -y ^/\' -y ^'-r -5. ' i: 

20 X. ny^i^v i O f^]C04^ U -> 'J >SI i 1 tin 
^nr, Z.Z.X. m^Lfzi:.o\Z. ^5S4~6<&^t:i± 

h*-JH 0|A]C0#'J->Ur3>Sll 1 i-5f' 
# U -> U >^ 1 1 «;X -y 5"V\- -y -mt^. x/NW X 

lc5Sofc4^'J vUa»Sl iTS^iiieifflSron' «S«c 1 2 
75<J^fi!t$n^>, ^-UT. ^«(12in- nm<d tX 

1 2tty-X • HU-f >'^tStbTfe^S6-r2>„ 
30 [0 0 5 8] Xg6 m'o^M) \'fl-^'1 'A<n±m\Z^ 

(y-x • Kwotiffi) 1 2±irse^^i 4^}bj55cT 

\t. n* ®feJcl 2iE«J®l 4t*^^-5-y5'ri>$'57 
V^iL'-b-Ctii^Xii^, tJe-3T. XS4 ■> 
'J3>©E1 1 'N0bs^ro-i-:t>ft:A^f^«, n* m*J? 1 
2ig5^ai 4i*^:t— 5'y^a>^7>7 hSr<i:^;it*f 

[0 0 5 9] *§eMJ«liC*3(.iTfS. m^iT 

mi'»mmma(Dmtmi:^iz-r^. ^lx. MT-^mm. 
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(57) [Abstract] 
[Objective] 

After making disassociated element region small, increase of 
contact resistance of source * drain region and source * drain 
electrode, increase of electrical resistance of source * drain 
region and increase of iheconnecting capacity of source * 
drain region arc evaded, planarization of device surface 
isassured. 

[Constitution] 

Jointly using trench 2 and insulating film 3a, it does clement 
separation. 

width of trench 2 makes fixed on substrate 1 . 

You use insulating film 3aside wall that way as contact hole 
10. 

Through contact hole 10, ion implantation is done in substrate 
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ihl^. iT flige 9 1, n" region 9 isformed. 


-^i^;1SCD mm 12 ^ff^/$1-i>o 

1 i^(DiS.Mma:> nmi^9t n 12 t 


tv mm 12 



Claims 

fig H f S M <t -e ^ It f I iHt A < Jf^ J5)c ^ ti 


n" region 12 of high concenlration is formed with polysilicon 
membrane which vvasformed inside contact hole 10, 

With n' region 9 and n* region 12 of low concentration inside 
substrate 1 source * drain region 13 is formed. 

In order to leave just polysilicon membrane inside contact 
hole 10, ctchback doing this said polysilicon membrane, it 
forms n" region 12. 


semiconductor dcvicCo where with trench which was formed 
on substrate and the insulating film which was formed to 
substrate surface disassociated clement region was formed 


semiconductor device,, where with trcttch which was formed 
on substrate and the insulating film which was formed to 
substrate surface disassociated clement region is formed, as 
for the insulating film as interiayer insulating film functions 


With trench which was formed on substrate and trench is 
covcredand insulating film which was formed to substrate 


lClaim(.s)] 
[Claim 1] 


Claim 2] 


[Claims] 
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immM. 7] 
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mmtLx^mtti^ztxm^tMii^t(Dm 
mmmmtLxmmr^^mi^-^s:. 


m^±(Dm^'Ammm^izhi^:y^^Bf&t^ 

$mtmiiit^^z)\zmmn^y^^~-i^c>t 
^ztx\ mmmxmf^hfzm^'Ammm^B 


surface disassociated element region is formed, the insulating 
film functions as intcrlayer insulating film, even with when 
width of each disassociated element region differs, as for 
width and depth of trencii which forms each disassociated 
clement region semiconductor device^ which is fixed 

[Claim 4] 

With trench which was formed on substrate and trench is 
covcredand insulating film which was formed to substrate 
surface disassociated element region is formed, the insulating 
film functions as interlayer insulating film, even with when 
width of each disassociated element region differs, as for 
width and depth of trench which forms each disassociated 
element region being fixed, As for width of each trench 
semiconductor devicCo which is same as the width of 
disassociated clement region where width is narrowest in on 
substrate 

[Claim 5] 

With trench which was formed on substrate and trench is 
covcredand insulating film which was formed to substrate 
surface disassociated element region is formed, the side wall 
of insulating film functions by fact that it is used as side wall 
of contact hole of clement and metallization which were 
formed on substrate as interlayer insulating film of element 
and metallization, even with when width ofeach disassociated 
clement region differs. As for width and depth of trench 
which forms each disassociated element region being fixed, as 
for width ofeach trench semiconductor devicCo which is 
thcsainc as width of disassociated element region where width 
is narrowest in on the substrate 

[Claim 6] 

semiconductor devicco where disassociated clement region 
is formed with insulating film which was formed to substrate 
surface, as for insulating film as intcrlayer insulating film 
functions 

[Claim 7 | 

By fact that it is used as side wall of contact hole of element 
and metallization where disassociated clement region was 
formed with insulating film which was formedon substrate, as 
for side wall of insulating film was formed on substrate as 
interlayer insulating film of element and metallization 
semiconductor device^ which functions 

[Claim 8] 

stepo which forms trench inside disassociated element region 
on substrate 

Way insulating film is formed on substrate, element-forming 
region on substrate exposcs,by fact that patterning it docs 
insulating film, manufacturing method,, of semiconductor 
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device which has slep which fonns disassociated element 
region which is covered with the insulating film 

[Claim 9J 

stepo which forms trench on substrate 

As by Fact that insulator is accumulated in surface of substrate 
which includes internal of trench, being filled, it imbeds the 
insulator to internal of trench way it forms insulating film on 
substrate,elcment-forming region on substrate exposes, by 
fact that patterning it docs the insulating film, manufacturing 
incthodo of semiconductor device which has step which 
forms the disassociated element region which is covered with 
insulating film 

[Claim 10] 

stepo which being filled, imbeds insulator to internal of the 
stepo trench which forms trench on substrate 

Way insulating film is formed on substrate, clement-forming 
region on substrate cxposcs,by fact that patterning it does 
insulating film, manufacturing methods of semiconductor 
device which has step which forms disassociated element 
region which is covered with the insulating film 

[Claim 1 1] 

oxidation doing inside wall of stcp^ trench which forms 
trench on the substrate, after forming silicon oxide film, stcpo 
which being filled, imbcdspad material to internal of trench 

Way insulating film is formed on substrate, element-forming 
region on substrate exposes,by fact that patterning it does 
insulating film, manufacturing methodo of semiconductor 
device which has step which covers disassociated clement 
region with insulating film 

[Claim 12J 

In manufacturing method of semiconductor device which is 
stated in any one claim of Claim 8~1 1, 

manufacturing methodo of semiconductor device which 
imbeds SOG to internal of the trench 

[Claim 13] 

In manufacturing method of semiconductor device which is 
stated in any one claim of Claim 8-1 1, 

In internal of trench SOG manufacturing methodo of 
semiconductor device which has step which administers 
treatment of at least one which is selcctedfrom group which 
consists of pad and thermal processing, plasma treatment, 
ion implantation process to this said SOG 

[Claim 14] 
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hi manufacturing method of semiconductor device which is 
stated in any one claim of Claim 8-13, 

By fact that sidewall spacer which forms gate insulating film 
and gate electrode in the clement-fonning region, consists of 
insulator in side wall of gate electrode is fonned, the stepo 
which forms contact hole which consists of recess which with 
the insulating film and gate electrode and sidewall spacer is 
surrounded 

Through contact hole, in substrate by feet that ion 
implantation it does the impurity, slcpo which forms 
impurity region of low concentration 

electrically conductive film being filled in internal of contact 
hole, manufacturing methodo of the semiconductor device 
which has step which with pad, electrically conductive film 
and impurity region of low concentration forms source region 
or drain region 

[Cla.m 15] 

In manufacturing method of semiconductor device which is 
stated in any one claim of Claim 8-13, 

By fact that sidewall spacer which forms gate insulating film 
and gate electrode in the element-forming region, consists of 
insulator in side wall of gate electrode is formed, the stepo 
which forms contact hole which consists of recess which with 
the insulating film and gate electrode and sidewall spacer is 
surrounded 

Through contact hole, in substrate by fact that ion 
implantation it docs the impurity, stepo which forms 
impurity region of low concentration 

In entire surface of device which was formed with 
above-mentioned step as impurity region of low concentration 
by fact that doped K polysilicon membrane of same 
conduction type is accumulated, polysilicon membrane 
bcingfillcd in internal of contact hole, it forms impurity region 
of high concentration which consists of pad and that 
polysilicon membrane, impurity region of high concentration 
and impurity region of low concentration with source region 
or the manufacturing method, of semiconductor device 
which has step which forms drain region 

[Claim 16] 

In manufacturing method of semiconductor device which is 
slated in any one claim of Claim 8-13, 

By fact that sidewall spacer which forms gate insulating film 
and gate electrode in the elcmeni-forming region, consists of 
insulator in side wall of gate electrode is fonned, the stepo 
which forms contact hole which consists of recess which with 
the insulating film and gate electrode and sidewall spacer is 
surrounded 


Page 6 Paterra Instant MT Machine Translation 


JP1996279553A 


1996-10-22 


m^m 17] 

a > ^ ^ Ki^ - ; uco F*? ^ (73 ^ m m * /c I * • ; 


Specification 

[0001] 

MOS K7>vX^i:^(;)Mii::^;4i:l-|3-r 
[0002] 


Through contact hole, in substrate by fact that ion 
implantation it does the impurity, stepo which forms 
impurity region of low concentration 

By fact that polysilicon inembrane of non doped is 
accumulated in the entire surface of device which was formed 
with above-mentioned stcp,stepo which being filled, imbeds 
polysilicon membrane to internal of contact hole 

manufacturing method,, of semiconductor device which has 
step which in polysilicon membraneas impurity region of low 
concentration forms impurity region of high concentration by 
factthat ion implantation it does, impurity of same conduction 
type impurity region of the high concentration and impurity 
region of low concentration with source region or forms drain 
region 

[Claim 17] 

In manufacturing method of semiconductor device which is 
stated in any one claim of Claim 14-16, 

Way just electrically conductive film or polysilicon 
membrane of internal of contact hole isleft, manufacturing 
methodo of semiconductor device which has step which 
surface of device which was formed by fact that etchback it 
does the this said film, with above-mentioned step 
planarization is done 

[Claim 18] 


r device which is 


In manufacturing method of semiconduct 
stated in Claim 15 or Claim 16 , 

manufacturing methods of semiconductor device which has 
step which by fact that the patterning it docs polysilicon 
membrane which to polycide converts polysilicon membrane, 
to polycide is converted forms metallization layer 


[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention relates to manufacturing method of 
semiconductor device and semiconductor device, details are 
semiconductor clement separation technology and something 
regarding with MOS transistor and manufacturing method. 

[0002] 

[Prior Art] 

In semiconductor integrated circuitry, as for individual 
element becoming indepcndentmutually, because when it 
operates is many, in order for each element on semiconductor 
substrate to cause interaction to electrical, it is necessary to 
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separatebctwecn each clement into electrical. 

There arc various ones in this semiconductor element 
separation technology, but generally, the insulator or reverse 
bias i.s widely used method which surrounds periphci7 of 
clement with pn junction region which imparting is done. 

[0003] 

method which surrounds pcriphciy of element with pn 
junction region in the disassociated element region to 
element-forming region can actualize by fact that doped it 
docs impurity of opposite conduction type. 

Therefore, production step because of simple, it is widely 
used for the clement separation of especially bipolar 
transistor, but surface area of disassociated clement region on 
substrate surface because it cannot make small, it has 
deficiency that trend to high integration isdifficult. 

[0004] 

There is a LOCOS (local oxidation of Silicon ) method and a 
trench method in method whichsurrounds periphery of 
element with insulator. 

LOCOS method production step because of simple, is widely 
used for element separation of especially MOS (metal oxide 
Semiconductor ) transistor, but because bar X BYK occurs 
in both ends of isolation oxide film, there is a deficiency that 
dimension of elcnnent- forming region it deviates. 

Then, in order to remove bar X BYK which controls 
thcoccurrcnceofbar X I3YK, occurs, LOCOS method 
which is improvedis proposed various, you can say that 
design rule is effective technology to0.5;mu m extent. 

Rut, at presently further trend to high integration of 
semiconductor integrated circuitry is required, the limit has 
started to be visible in clement separation ability. 

[0005] 

In trench method, slot (trench ) was formed in periphery of 1 
elcmenl,aflcr trench was formed in periphery of method and 2 
clement whichimbcd trench internal with insulating pad 
material, trench inside wall oxidation wasdonc and silicon 
oxide film being formed, there is a method which imbeds the 
trench internal with pad material. 

With method of I, generally, it can use silicon oxide which 
was formedwith CVD (Chemical Vapor deposition ) method 
as pad material. 

With method of 2, generally, it can use polysilicon which was 
formedwith CVD method as pad material. 

As for trench method, in comparison with LOCOS method 
greatly reduction because ilis possible surface area of 
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disassociated element region, it has feature that it isprofitable 
in trend to high integration. 

In addition, clement separation is done securely to region 
where substrate is deep by fonning trench deeply, it is 
possible . 

Because of that, especially being effective to element 
separation of bipolar transistor which has pad collector layer, 
it can reduce disassociated element region to 20% extent of 
the LOCOS method. 

[0006] 

[Problems to be Solved by the Invention] 

With semiconductor integrated circuitry where monotonicity 
of memory cell region or other pattern of semiconductor 
memory is high, the width of each di.sassociated element 
region becomes fixed. 

But, with semiconductor integrated circuitry where 
monotonicity of logic or other pattern is low, there arctimes 
when width of each disassociated clement region differs 
respectively. 

By way, it can use to formation of trench RIB (Reactive Ion 
Etching ) methodmainly, but etching rate of trench where 
width is wide bccomcslarge in comparison with that of trench 
where width is narrow. 

[0007] 

Therefore, with trench method, when width of disassociated 
element region of plural differs respectively, when all trench 
is formed with same step, when itbccomes, trench of 
disassociated element region where width is wide becomes 
deep, trench of disassociated clement region where width is 
narrow becomes shallow. 

In other words, depth of each trench, correspondmg to width 
of disas.sociated element region, becomes something which 
differs respectively. 

[0008] 

As a result, with trench where width is deep widely, when the 
oxidation doing trench inside wall, crystal defect becomes 
easy to occur inside the substrate depending upon pad 
material of stress stress and trench internal whichdepcnd on 
substrate and stress stress etc which it occurs in difference of 
thermal expansion factor of substrate. 

That kind of ctystal defect gives adverse effect to clement, is 
connected to the property degradation of semiconductor 
integrated circuitry. 

[0009] 

In addition, problem below has been actualized attendant 
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upon the narrowing recently, regarding MOS transistor. 

With 1 source * drain region and positional deviation of 
contact hole which connects source * drain electrode increase 
of contact resistance 

With production step of MOS transistor, after forming contact 
hole in intcrlayer insulating film which was formed on source 
* drain region by fact that source * drain electrode is 
formed, through contact hole, contact of source * drain region 
and source * drain electrode is assured. 

At that occasion, in formation of contact hole because it can 
use the etching which designates resist pattern as mask for 
etching, mask gap in photolithography process in order to 
draw up resist pattern is unavoidable. 

With mask gap, there is a possibility assured contact of result, 
the source * drain region and source * drain electrode where 
position of contact hole slips more or Icssfrom source * drain 
region being done, inhibition causing increase of the contact 

[0010] 

Connecting capacity of 2 source * drain region and increase 
of electrical resistance 

Regarding MOS transistor, control of short channel effect has 
become more and morcimponant attendant upon narrowing. 

When short channel effect occurs, threshold voltage 
decreasing, in addition to factthat desired value stops being 
acquired, it increases also electricity consumption. 

Furthermore, when short channel effect becomes extreme, 
punch slew happens andstops operating as MOS transistor. 

short channel effect is controled, if connecting .source * drain 
region should have beenformed in portion where surface 
vicinity of substrate is .shallow,(Connecting namely, source * 
drain region should have been made shallow. ). 

[001 Ij 

In addition, in order to decrease contact resistance of source * 
drain region and the source * drain electrode, by fact that 
impurity concentration of portion (surface nearby portion of 
namely, substrate ) which touches with source * drain 
electrode in source * drain region is made high, it is necessary 
to make electrical resistance of portion low. 

[0012] 

But, because there is a limit in solid solubility of impurity for 
substrate.when connecting source * drain region is made 
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shallow, making impurity concentration of the source * drain 
region high, electrical resistance of diffusion layer of source * 
drain region increases has . 

[0013] 

Furthermore, when impurity concentration of source * drain 
region is made high, connecting capacity of source * drain 
region increases. 

When and, impurity concentration of substrate is made high, 
it increases theconnecting capacity of source * drain region. 

By way, trend to high integration is actualized, in order to 
prevent punch slew, itis necessary to set impurity 
concentration of substrate highly. 

Therefore, attendant upon narrowing, connecting capacity of 
source * drain region means to increase more and more. 

[0014] 

This kind of problem (Increase of contact resistance of source 
* drain region and source * drain electrode, increase of 
electrical resistance of source * drain region andincrcase of 
connecting capacity of source * drain region ) response speed 
of MOS transistor decreasing, is connectedto property 
degradation of semiconductor integrated circuitry. 

[0015] 

planarization of 3 device surface 

In order to prevent line break of metallization in 
semiconductor integrated circuitry, it isnecessary to decrease 
step of bottom layer (namely, device surface ) of 
metallization. 

In addition, in order to form microscopic resist pattern in 
photolithography process, it is neccssaryto hold down relief of 
bottom layer (namely, device surface ) of resist pattern within 
focus depth of stepper. 

Then, method of forming insulator film between flat layer in 
device surface, planarization technology which uses entire 
surface etchback method, chcmomechanical polishing 
method, bias sputtering method etc is proposed various. 

But, with conventional planarization technology, special .step 
for planari/cation must be provided.because, there is a 
deficiency that production step docs complication. 

[0016] 

As for this invention being something which can be made in 
order to soiveabove-mentioned problem, it is something 
which possesses objective below. 

1) surface area of disassociated element region is decreased 
offers possible semiconductor device and its manufacturing 
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[0017] 

2) semiconductor device and its manufacturing method which 
arc superior in planarity of the device surface are offered. 

3) MOS transistor which is superior in response characteristic 
is offered. 


[Means to Solve the Problems] 

As for invention which is stated in Claim 1 , with trench 
which was formed on substrate and insulating film which was 
formed to the substrate surface disassociated element region 
was formed makes gist. 

[0019] 

As for invention which is stated in Claim 2 , with trench 
which was formed on substrate and insulating film which was 
formed to the substrate surface disassociated element region is 
formed, insulating film as interlaycr insulating film functions 
makes gist. 

[0020] 

Invention which is stated in Claim 3 , with trench which 
wasformcd on substrate and covers trench and insulating film 
which wasformcd to substrate surface disassociated clement 
region is formed, insulating film functions as the interlaycr 
insulating film, even with when width of each disassociated 
element region differs, width and depth of trench which forms 
each disassociated element region are fixed, it makes gist. 

[0021] 

Invention which is stated in Claim 4 , with trench which 
wasformcd on substrate and covers trench and insulating film 
which wasformcd to substrate surface disassociated element 
region is formed, insulating film functions as the interlaycr 
insulating film, even with when width of each disassociated 
element region differs, as for the width and depth of trench 
which forms each disassociated clement region being fixed, 
width of each trench is same as width of disassociated 
clement region where width is narrowest in on substrate, it 
makes gist. 

[0022] 

Invention which is staled in Claim 5 , with trench which 
wasformcd on substrate and covers trench and insulating film 
which wasformcd to .substrate surface disassociated element 
region is formed, side wall of insulating film functions by fact 
that it is used as side wall of contact hole of the clement and 
metallization which were formed on substrate as interlaycr 
insulating film of the element and metallization, As for width 
and depth of trench which forms each disassociated element 
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region being fixed, width of each Ircnch is same as width of 
the disassociated element region where width is narrowest in 
on substrate even with when the width of each disassociated 
element region differs, it makes gist. 

[0023] 

As for invention which is stated in Claim 6 , disassociated 
element region is formcdwith insulating film which was 
formed to substrate surface, insiilating film as intcrlayer 
insulating film functions makes gist. 

As for invention which is stated in Claim 7 , disassociated 
element region is formedwith insulating film which was 
formed on substrate, side wall of insulating film by fact that it 
is used as side wall of contact hole of element and 
metallization which were formed on substrate as interlaycr 
insulating film of element and metallization functions makes 
gist. 

[0024] 

Invention which is stated in Claim 8 formed insulating film on 
the stepo substrate which fortns trench inside disassociated 
element region on substrate in order for element-forming 
region on substrate to expose, by fact that patterning it docs 
insulating film, had step which forms disassociated element 
region which is covered with insulating film, it makes gist. 

[0025] 

Way invention which is stated in Claim 9 as by fact that the 
insulator is accumulated in surface of substrate which 
includes the internal of stepo trench which forms trench on 
substrate, being fi!lcd,il imbeds insulator to internal of trench 
forms insulating film on the substrate, clement-forming region 
on substrate exposes, by fact that patterning itdoes insulating 
film. It had step which forms disassociated element region 
which is covered with insulating film it makes gist. 

[0026J 

Invention which is staled in Claim 10 formed insulating film 
on the stcpo substrate which being filled, imbeds insulator to 
internal of stepo trench which forms trench on substrate in 
order for clement-forming region on substrate to expose, by 
fact that patterning it docs insulating film, had step which 
forms disassociated element region which is covered with 
insulating filtn, itmakcs gist. 

[0027] 

Way invention which is stated in Claim 1 1 oxidation doing 
the inside wall of step„ trench which fomis trench on 
substrate, after forming silicon oxide film, forms insulating 
film on stepo substrate which being filled, imbeds thepad 
material to internal of trench, clement-forming region on 
Substrate exposes, by fact that patterning it does insulating 
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film. It had step which covers disassociated element region 
with insulating film itmakes gist. 

[0028] 

Invention which is stated in Claim 12 imbeds SOG to the 
internal of trench in manufacturing method of semiconductor 
device which is stated in the any one claim of Claim 8-1 1, it 
makes gist. 

[0029] 

Invention which is stated in Claim 1 3 SOG had step which 
administers treatment of at least one which is selected from 
the group which consists of pad and thermal processing, 
plasma treatment, ion implantation process to this said SOG 
for the internal of trench in manufacturing method of 
semiconductor device which is stated in the any one claim of 
Claim 8-1 1, it makes gist. 

[0030] 

By fact that sidcwali spacer where invention which is stated in 
the Claim 14 forms gate insulating film and gate electrode in 
clement-forming region in manufacturing method of the 
semiconductor device which is stated in any one claim of 
Claim 8- 1 3, consists of insulator in side wall of gate electrode 
is formed. Through stepo contact hole which forms contact 
hole which consists of recess which with insulating film and 
gate electrode and sidewall spacer is surrounded in the 
substrate by fact that ion implantation it does impurity, 
electrically conductive film beingfilled in internal of stepo 
contact hole which forms impurity region of low 
coneentration,pad, It had step which with electrically 
conductive film and impurity region of low concentration 
forms source region or drain region it makes gist. 

[0031] 

By fact that sidcwali spacer where invention which is stated in 
the Claim 1,5 forms gate insulating film and gate electrode in 
clement-forming region in manufacturing method of the 
semiconductor device which is stated in any one claim of 
Claim 8~ 1 3, consists of insulator in side wall of gate electrode 
is formed. Through stepo contact hole which forms contact 
hole which consists of recess which with insulating film and 
gale electrode and sidcwali spacer is surrounded in the 
substrate by fact that ion implantation it docs impurity, in 
entire surface of device which was formed with stcpo 
above-mentioned step whichforms impurity region of low 
concentration as impurity region of low concentration by 
factthat doped K polysilicon membrane of same conduction 
type is accumulated, polysilicon membrane being filled in 
internal of contact hole, it formed impurity region of high 
concentration which consists of pad and that polysilicon 
membrane, it had step which with impurity region of high 
concentration and the impurity region of low concentration 
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3n, it makes the gist. 


forms source region or drain r 
[0032] 

By fact tliat sidewall spacer where invention which is stated in 
the Claim 16 forms gate insulating film and gate electrode in 
element-forming region in manufacturing method of the 
semiconductor device which is stated in any one claim of 
Claim 8-13, consists of insulator in side wall of gate electrode 
is formed. Through stepo contact hole which forms contact 
hole which consists of recess which with insulating film and 
gate electrode and sidevvall spacer is surrounded in the 
substrate by fact that ion implantation it does impurity, by fact 
that polysilicon membrane of non doped is accumulated in 
entire surface of the device which was fomied with step,, 
above-mentioned step whichforms impurity region of low 
concentration. In stepo polysilicon membrane which being 
filled, imbeds polysilicon membrane to internal of contact 
hole as impurity region of low concentration it formed 
impurity region of high concentration by fact that ion 
implantation it does, impurity of same conduction type it had 
step which with impurity region of high concentration and 
impurity region of low concentration forms source region or 
drain region, it makes gist. 

[0033] 

Invention which is stated in Claim 1 7 in order to leave just the 
electrically conductive film or polysilicon membrane of 
internal of contact hole in manufacturing method of 
semiconductor device which is stated in any one claim of 
Claim 14-16, had step which surface of device which was 
formed by fact that the etchback it does this said film, with 
above-mentioned step pianarizalion isdonc, it makes gist. 

[0034] 

polysilicon membrane to polycide it converted invention 
which isstatcd in Claim 18 , in manufacturing method of 
semiconductor device which is stated in the Claim 1 5 or 
C'laim 1 6 , to polycide it had step which forms the 
metallisation layer by fact that patterning it does polysilicon 
membrane which isconvcrtcd, it makes gist. 

[0035] 

[Working Principle] 

According to invention which is stated in any one claim of 
Claim I~5,joinlly using trench and insulating film , element 
separation is done. 

Therefore, in same way as trench method, surface area of 
disassociated element region canbc reduced. 

[0036] 

According to invention which is stated in any one claim of 
Claim 2~5, insulating film as interlayer insulating film in order 
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to function, step which forms the interlaycr insulating film 
and step which forms its tntcrlayer insulating film comact 
hole are excluded, it is possible. 
[0037] 

According to invention which is stated in any one claim of 
Claim 3~-5,becausc width and depth of trench are fixed, fact 
that stress stress depends on substrate with large trench can be 
prevented. 

[0038] 

According to invention which is stated in Claiin 4 or Claim 5 , 
as for the width of each trench being same as width of 
disassociated clement region where the width is narrowest in 
on substrate, width of disassociated element region 
isstipulatcd with insulating film . 

[0039] 

According to invention which is stated in Claim 6 or Claim 7 , 
insulating film for element separation as intcrlayer insulating 
film in order to function, step which forms the contact hole in 
step and its interlaycr insulating film which form interlayer 
insulating film is excluded, itis possible . 

[0040] 

According to invention which is stated in any one claim of 
Claim 8-1 1, jointly using trench and insulating film , element 
separation is done. 

According to invention which is stated in Claim 9 , insulator 
being filled in internal of trench, continuing step whichforms 
insulating film on step,, substrate which it imbeds, it does, it 
is possible. 

[0041] 

According to invention which is stated in Claim 10 , 
insulating film on insulator and substrate which are imbedded 
to internal of trench can be designated as another material. 

electrically conductive film can be used according to 
invention which is stated in Claim 1 1 , as pad material of 
trench. 

[0042] 

According to invention which is stated in Claim 12 , by 
faetthat SOG which is superior in planarity is used, trench 
isimbeddcd securely, it is possible . 

According to invention which is stated in Claim 13 , by 
faetthat aforementioned treatment is administered to SOG, 
deficiency of SOG can be overcome. 

[0043] 

According to invention which is stated in any one claim of 
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Claim 14~16,by fact that impurity concentration of impurity 
region of low concentration is made low,incrcasc of 
connecting capacity of source * drain region can be evaded. 

In addition, as (When polysilicon membrane is used for 
electrically conductive film, making impurity concentration 
high,by fact that it makes electrical resistance low), contact 
resistance of impurity region and electrically conductive film 
of low concentration is decreased by fact that electrical 
resistance of electrically conductive film is made low, the 
electrical resistance of source * drain region can be decreased. 

In addition, making impurity concentration of impurity region 
of high concentration high, as by fact that it makes electrical 
resistance low, it decreases contact resistance of the impurity 
region of low concentration and impurity region of high 
concentration, it can decrease the electrical resistance of 
source * drain region. 

Therefore, MOS transistor where response speed is fast can be 
acquired. 

[0044] 

According to invention which is stated in Claim 15 or Claim 
16 ,by fact that polysilicon membrane which is superior in 
planarity isuscd, contact hole is imbedded securely, it is 
possible . 

According to invention which is stated in Claim 15 , by 
factthat doped K polysilicon membrane is used, impurity 
region of high concentration canbc formed simply. 

[0045] 

According to invention which is stated in Claim 16 , impurity 
concentration of impurity region of high concentration can be 
controlled simply and securely by thefact that ion 
implantation is used. 

planarization is possible surface of device according to 
thcinvcntion which is staled in Claim 1 7 , without using 
special step for planarization. 

[0046] 

According to invention which is stated in Claim 1 8 , by 
factthat impurity concentration of impurity region of high 
concentration is made high, ohmic contact of source region or 
drain region and metallization layer is taken, it is possible . 

In addition, step which fomis contact hole in step and its 
interlayer insulating film which form interlayer insulating 
film is excluded, it is possible . 

Furthermore, metallization layer can be formed simply. 
[0047] 

[Working Examplc(s)] 
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Below, this invention following one Working Example which 
implementation is done to the drawing in nchannci MOS 
transistor, and its clement separation you explain. 

Figure l~Figurc 6 is conceptual cross section diagram which 
shows manufacruring method of this working example. 

[0048] 

step 1 (Figure 1 (a ) reference); making use of RIE, trench 2 is 
formed in the disassociated clement region;al on p-lype single 
cry stal silicon substrate 1. 

Next, accumulating insulator 3 in surface of substrate 1 which 
includes internal of trench 2, as being filled, it imbeds 
insulator 3 to the internal of trench 2, on substrate 1 it forms 
film (Below, you call insulating film 3a ) with insulator 3 . 

If here, internal of trench 2 it is a insulating material which it 
can be lllledcompletely as insulator 3, making use of what it 
is good, concretely,can list silicon oxide, silicon nitride, 
silicate glass, SOG etc. 

Consequently, thermal processing is administered, recovery of 
crystal defect in the substrate 1 and relief of stress stress are 
assured. 

In order and, for element-forming rcgion;be on substrate 1 to 
expose, by factthat patterning it does insulating film 3a, 
disassociated element region;a! is covered with the insulating 
film 3a. 

[0049] 

As here, shown in Figure 6, each disassociated element 
region;al even with when width ofl -;al 3 differs respectively, 
in each disassociated element region;aI it makes width W and 
depth H of each trench 2a~2c which is formed I -;al 3 all 
same. 

In addition, it makes width W of trench 2, same as width of 
disassociated element region;al (With Figure 6, disassociated 
element region;al 3) where width is narrowest in on substrate 
1. 

[0050] 

Funhcrmore position where trench 2 is formed if it is inside 
the disassociated element region;al, is good anywhere. 

step 2 (Figure 1 (b ) reference); gale insulating film 4 is 
formed on element-forming region;be. 

Next, film 5 which consists of electrically conductive material 
on gate insulating film 4 isaccumuiated, insulating film 6 is 
formed on that. 

Here, it makes film thickness which adjusts each film 4~6, 
same as the film thickness of insulating film 3a. 


Page 18 Paterra Instant MT Machine Translation 


JP1996279553A 

[0051] 

m 5 A^b^cC^'^f-h'lM 7 $ff^fi£1-i>o 
® X ^ / v;/ ^ -4 § ffl L ^ r ^ 1^ $g !^ $ X ^ 

^\^^X.i^m.m 3a,6 fccj:l>*-y--l'K'^;j~;UX'< 
-- y- 8 ^-l-^^aAffl-^X-^iLT^IS 1 lc<J> 
^•f ;t->;4 A(;iA^E;50keV. ;iAiI^;! x 

CdT-. -i';t>aA©^jiMi. n 9 0^$$ 

[0052] 

f^.ffe^M 3a,^-h-'iti 7,-y-'fK't7;f-;ux^ 

hTfs— /L- 10 tt^.^. 

ti^oT, xfi 1 Tii, =i>^^h7^-;i- 10 ©tiS 

l-TdT^-fc), WSI 3a ^/-^^--l/^'r -51^(3 
tt.^fe^M 3a (Dfj)M^A<^CDS*al.^i^h7t-x 
— -lU 10 <tLT{^ffl-C^^c);^IC/^^2— ->'5''(7) 

[0053] 

X?I4(IIl3#^S);CVD;^$fflL^. 'rJU7.(D± 
ffi|;y>K-3^CD7K'Jv'J:3>BI 11 ^}f$j$L.a 
>^^K7t^-;u 10 (7?rt^(z.-tf<jv'J=i>Bi 11 ^ 

*(c.;^^Uv'J=3»iS 11 lct^^Y:^->;±A(;± 
AIIE;50kcV. ;±A;I;t;l x io"'cnT-)-r-2)o 


i^L^r. gm#@i^^T?i^5aii(mii;Sg;9oo 

[0054] 

r(D(b^. 7KUv'Jn>Jii 1 1 ;6^bn- 9^^(7)1= 
(1) ;KiJ->iJ=3»jM 1 1 i n- flii 9 t(D^:^^OV 


1996-10-22 

[0051] 

step 3 (Figure 2 reference); by fact thai patterning it does each 
film 4-6, gate electrode 7 which consists of film 5 is formed. 

And, insulator is accumulated in entire surface of device, by 
factthat etchback it docs this said insulator, sidevvall spacer 8 
which consists of the insulator in side wall of insulating film 
3a and gate electrode 7 is fonncd making use of entire surface 
etchback method. 

Consequently, with (Fill voltage;50 keV, fill concentration;! 
X lO'^cm'" ) thing which phosphorus ion implantation is 
done, the n' region 9 of low concentration is formed in 
substrate 1 with insulating film 3a,6 and sidcwall spacer 8 as 
mask for ion implantation. 

Here, in order for impurity concentration of n region 9 to 
become 1 X 10'''~10"'cm"', it sets condition of ion 
implantation. 

[0052] 

Furthermore recess which is surrounded with insulating film 
3a, gate electrode 7, sidewall spacer 8 , n" region 9 and 
becomes contact hole 10 which connects source * drain 
electrode which postscript isdone. 

Therefore, with step 1, position of contact hole 10 and 
afterconsidering dimension, it is necessary patterning to do 
insulating film 3a. 

When patterning doing namely, insulating film 3a, in order 
side wall of insulating film 3a to bcablc to use that way as 
contact hole 10, dimension shape of patterning is set. 

[0053] 

step 4 (Figure 3 reference); making use of CVD method, it 
forms polysilicon membrane 1 lof non doped in entire surface 
of device, being filled, it imbeds polysilicon membrane 1 1 to 
interna! of contact hole 10. 

Next, arsenic ion implantation is done in polysilicon 
membrane 1 1, (Fill voltage;50 kcV, fill concentration;! X 
10"'cm-- ). 

Consequently, as by fact that thermal processing (treatment 
temperature;900 deg C, process time;3 0 min ) is done in 
nitrogen atmosphere, phosphorus ion in n" region 9 is 
activated, arsenic ion in polysilicon incmbranc 1 1 isactivatcd. 

[0054] 

This time, scattering of arsenic ion to n' region 9, in order to 
satisfy condition below together, has necessity to control from 
polysilicon membrane 1 1. 

(1) polysilicon membrane coniact resistance of 1 1 and n' 
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(2) n- 9 (Dm^w-&^mx^^fsi\ 

f'^drt^^. 11 t^P, n- $m 9 'VCD 

■r>|->(7)iiAfi;!)^ §-1-^^11^. 7KUv'J=J>fiI 
1 1 i: n- ^lilE 9 <tCD=ll/^^h|gJn(i<gM-e$i) 

[0056] 

±IB(1),(2) (D^il^^i^lCJSS^-a-^lr!* . t^') 


*l|5P^|gT-*-5Zi:$^gLTl^-S)(Fujiwara et 
al: " DilTusioti of Phoshorus in PoIy/Singlc 
Crystalline " lElCE 

TRANS, ELliCTRON.,Vol.E7S-C,No.9 
September 1992.pp995-999 

^^X. ;K'Jv'Jn>m 1 1 (DMUfccfcCfit^cD'f' 

'v CD t ■^•l'^>C7)fi£iiJ$#^ lcfil}J|lT?t § o 
[0057] 

XII 5(m 4 #BS);^®x->^/'C->^>4:^fflL\T 
^!^h/1-v-;u 10 [^(D;t^°'Jv'Jai/fiI II tiiUm 

Jiiiig^si 3a mmtmc-^-^itzifi.^y^ 


hi,. 

tLX. n mm 12 t n mm 9 tXV-X\^[^-f 
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region 9 is decreased in the fully. 
[0055] 

Connecting capacity of (2) n" region 9 is not increased. 

When scattering of arsenic ion to n" region 9 is too little from 
namely, polysilicon membrane 11, there are not times when 
connecting capacity of the n" region 9 increases, polysilicon 
membrane it increases contact resistance of 1 1 and n" region 9. 

In addition, when scattering of arsenic ion to n" region 9 is 
many from polysilicon membrane 11, polysilicon membrane 
it can decrease contact resistance of 1 1 and n" region 9, but, 
connecting capacity of n" region 9 increases. 

[0056] 

Description above (1 ), condition of (2) is satisfied together, if 
film thickness of polysilicon membrane 1 1 and ion 
implantation condition of arsenic should havebcen set 
appropriately. 

This applicant, if occasion where ion implantation is done in 
polysilicon membrane which was formed on single crystal 
silicon substrate, film thickness and ion implantation dose of 
the polysilicon membrane are controlled, scattering of ion to 
substrate itis a controllable easily, it announces , (Fujiwara et 
ai: "diffusion of Phoshorusin Poly/singlc crystal line "lEICE 
TKANS.HLEC TRON.,Vol.E75-C,No.9 September 
1992.pp995-999 reference). 

Therefore, by film thickness of polysilicon membrane 1 1 and 
fact that the ion implantation dose of arsenic is controlled, 
scattering of arsenic ion to n region 9 can be controlled easily. 

[0057] 

By fact that etchback it does polysilicon membrane 1 l,just 
polysilicon membrane 1 1 inside contact hole 10 is left step 5 
(Figure 4 reference); making use of the entire surface 
etchback method. 

As before inscribed here, because if il is same as film 
thickness of insulating film 3a, in order to leave just 
polysilicon membrane 1 1 inside the contact hole 10, 
polysilicon membrane 1 1 etchback it does film thickness 
which adjustscach film 4--6, planarization is possible device 
surface. 

As a result, n' region 12 of high concentration is formed from 
polysilicon membrane 1 1 which remains inside contact hole 
10. 

And, with n' region 12 and n' region 9 source drain region 13 
is formed. 
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[0060] 
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In addition, n'" region 12 functions as source * drain electrode. 
10058] 

step 6 (Figure 5 reference); metal layer is formed in entire 
surface of device, metal layer patterning is done and n" region 
(source * drain electrode ) metallization layer 14 is formed on 
12. 

If here, impurity concentration of n" region 12 is high in fully, 
n' region 12 and melallii;ation layer 14 take ohmic contact, it 
is possible . 

Therefore, in order as for ion implantation condition of 
arsenic to of polysilicon membrane 1 1 in step 4, for n region 
12 and metallization layer 14 to take the ohmic contact and to 
be possible it is necessary to set. 

Next, passivation film 15 is formed in entire surface of 
device, production step of the this working example 
completes. 

[0059J 

This way, even with when width of each disassociated 
element region;al differsrcspcctively regarding this working 
example, on substrate 1 it makes width and depth of each 
trench 2, all same. 

In addition, it makes width of trench 2, same as width of 
disassociated element region;al where width is narrowest in 
on substrate 1 . 

And, insulating film 3a is formed on disassociated element 
region;al. 

element separation in namely, this working example is done, 
jointly using trench 2 and insulating film 3a. 

Therefore, according to this working example, in same way as 
conventional trench method, surface area of disassociated 
element region greatly can be reduced in comparison with the 
LOCOS method. 

In addition,. even with when width of disassociated element 
region;al is wide as for width of trench 2 because it is fixed, 
problem (Due to pad material of trench internal and stress 
stress etc which it occiirsin difference of thermal expansion 
factor of substrate, inside substrate crystal defect to occur 
problem which becomes easy) in trench where width which is 
a problem until recently is deep widely can becvaded. 

[0060] 

In addition, when patterning doing insulating film 3a 
regarding this working example, the side wall of insulating 
film 3a you can use it requires that way as contact hole 10. 

namely, insulating film 3a functions not only as element 
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separation insulating film, as interlaycr insulating film of n" 
region 9 and metallization layer 14. 

And, through contact hole 10, by fact that ion implantation it 
does phosphorus, n" region 9 is formed on substrate 1. 

Therefore, according to this working example, production 
step (step which forms contact hole in interlayer insulating 
film of stepo which forms interlayer insulating film on 
source drain region ) ofcontact hole which isnccessary until 
recently is excluded, it is possible . 

In addition, through contact hole 10, because n'region 9 can 
be formed in the self-aligning, there is not a possibility 
contact hole 10 and n'region 9 causing the positional 
deviation. 

Therefore, according to this working example, increase of 
contact resistance whichoriginates in positional deviation of 
contact hole which is a problem until recentlycan be evaded. 

[0061] 

Furthermore, n'region 12 is formed with polysilieon 
membrane 1 1 which wasformed inside contact hole 10 
regarding this working example, with n'region 12 and the n" 
region 9 source * drain region 13 is formed. 

Here, it sets impurity concentration of n'region 9 to 1 X 
10"~10'W^ 

Therefore, according to this working example, connecting 
source * drain region 13 is madeshallow, it becomes possible, 
can control short channel effect. 

In addition, n"' region 12 where impurity concentration is high 
cannot be formed inside substrate 1, because just n'region 9 
where impurity concentration is low is formedinside substrate 
1, can decrease connecting capacity of source * drain region 
13. 

Therefore, in order to actualize trend to high integration, 
increase of connecting capacity of source * drain region 13 
can be evaded even with when impurity concentration of 
substrate 1 is set highly. 

In addition, after decreasing contact resistance of n' region 12 
and n" region 9 bymaking impurity concentration of n' region 
12 high, resistance-lowering of source * drain region 13 
entirety is assured,! t is possible . 

Therefore, according to this working example, MOS transistor 
which evades conventional problem (Increase of contact 
resistance of source * drain region and source * drain 
electrode, increase of electrical resistance of source * drain 
region andincrease of connecting capacity of source * drain 
region ) to be possible, is superior in response characteristic 
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can bcacquired. 
[0062] 

In addition, ohmic contact of metallization layer 14 and 
source * drain region 13 is taken by making impurity 
concentration of n" region 12 high, it is possible . 

In addition, it makes film thickness which adjusts each film 
4~6 regarding the this working example, same as film 
thickness of insulating film 3a, in order to leave just the 
polysilicon membrane 1 1 inside contact hole 10, etchback 
doing polysilicon membrane 1 l,it forms n' region 12. 

As a result, planarization is possible device surface of MOS 
transistor upper part with the n" region 1 2 . 

Therefore, according to this working example, without 
providing special step device surface planarization is done, it 
becomes possible, can simplify production step. 

[0063] 

silicon oxide, silicon nitride, silicate glass which if by way, is 
used as insulator 3 with CVD method itshoiild have forincd. 

In addition, as for SOG (Spin On Glass ) which is used as 
insulator 3, it isused widely as interlayer insulating film in 
planariiiation technology. 

SOG is generic of film which designates silicon dioxide 
whichis fonncd from solution^ and solution which melt 
silicon compound in the organic solvent as main component. 

SOG film is formed, first, dripping solution which melts 
silicon compound in organic solvent on substrate 1, substrate 

When it docs, coating of this said solution, as internal of 
trench 2 it isfilled completely, forms planar film in surface of 
substrate 1. 

When next, thermal processing is administered, as organic 
solvent evaporates, the polymerization reaction advancing, 
surface being planar SOG 111m , insulating film 3a is formed. 

If planariiiation properly (embedding property ) of SOG 
because it is superior, uses SOG as insulator 3, internal is 
imbedded securely even with when trench 2 isdeep it is 
possible . 

[00641 

As displayed with General Formula (1), as displayed with 
inorganic SOG and the General Formula (2) which do not 
include organic component in silicon compound, there is a 
organic SOG which includes organic component in silicon 
compound in SOG . 
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[0065] 

[0065] 
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^ix.mmi 0.5-1 urn mmizt^:it:b<xt 
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-miZ.^m SOG 0X>;;^>^"-eii.X->^> 


Basis) 

inorganic SOG in addition to including water and hydroxy 
group in tiie large amount, when with fragility, film thickness 
is designated as 0.5;mu m or grealcr,in comparison with 
silicon oxide which was formed with CVD method is a 
deficiency that crack is easy to occur at time of thermal 
processing. 

[0066J 

On one hand, as for organic SOG, because on molecular 
structure, there is a portion which connection has closed with 
alkyl group or aryl group, occuiTcnce of crack attime of 
thermal processing is conlroled, can designate film thickness 
as 0.5 - 1 ;mu m extent. 

Therefore, if organic SOG is used, insulating film 3a where 
film thickness is largecan be acquired. 

But, because organic component is included in organic SOG , 
case where the element-forming region;be is exposed when 
mixed gas system (C'F4 +H2) of carbon tetraOuoride and 
hydrogen isused in etching, etching rate becomes slow. 

Because of that, with etching of organic SOG, it is necessary 
to use mixed gas system of carbon tetratluoride and oxygen. 


Generally, with e 
pattern as the ma: 


ching of organic SOC}, 
k for etching. 


tx->^>^-$tiTL^3. 

mm SOG 1^x-t:L'y^y^'^jn.XL^i\ mi" 

[0067] 

^tz. X•>^l^^■■7X'><^:LTfflL^'S:7 + hUvX 

SOG \z^^^i,mmm'7i-t'Amir^fziibmm 


But, when it uses mixed gas system of carbon tetranuoride 
and oxygen, as etching gas etching it is done even to resist 
pattern. 

As a result, with resist pattern etching it is done even to 
organic SOG which mask is done, dimension of 
element-forming region;be deviates. 


In addition, when removing photoresist which it uses as 
etching mask, inordcr at time of ashing, also organic 
component which is included in organic SOG to disassemble. 
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soG A<iixii-r§o 

hu>^ 2 l3iIto^A^/■£^^ SOG t^iisLmt^t 

[0068] 

*b(r. SOG lca:'<;t^l^'>^^L^tocD. ^ 
fil SOG lct7K^^fcJ;l>'*^it;(,<#^;KTL^ 

CVD ;ilc<i:oT:»^l$^;Hfc^^tv'Jrj>l-]±'< 
[0069] 

SOG iz^ii^ztii^(Dmm^^m.-t^{zit. 
[ij 800 deg c &L±(Dm',^om^i&m^mt::-t 

SOG $/>K— 7'CDSS''cVV'J^-K:tf^X 

900-1000 deg C '^V—S.1)U^tH\t,^l^^ 
RTA(Rapid Thermal Annealing )^S$-fflL'*Tt 
[0070] 

[2] !f#f^W 1-307247 ^'J>Wzm7n$^^:i^O 

iz. mm SOG mizmm-:f=yX^mM=^mi-:it 

T\ SOG C-Si ^S^^ Si-O-Si 

ic^^t^ii-. mm SOG Jil(c^^tvi,=^^;?)c^j- 

[0071] 

13] SOG SIic-fpf^piAii^fflL^r^-v^ 
\z. llI4'(c-s^n§7K^^fcJ:l>'7K^*^M'>^ 

-ti-'SCL-J, Chen, S-T, Hsia, J-L. Leu, Proc. of 
IEEE VMIC, p.81 (1994).#BBL 

[0072] 

[4J mm SOG MlC'i';i->;iAj£$ffll^rv'Jn 

^•t-&[N. Moriya, Y, Shacham-Diamond, R. 
Kaiish, J.EIccirochcin. Soc, Vol.140, No.5, 
p.1442 (1993).#BeL 

[0073] 

[5] mm SOG mizTji^zsyMmmitmrnMi: 
^zf^x^mw^mrzt'c. mmf$.'A^'^m 


organic SOG contracts. 

When organic SOG which was imbedded to trench 2 contracts 
stress stress depends on substrate 1 , becomes easy to cause 
crystal defect inside the substrate 1. 


Furthermore, if you compare to inorganic SOG, although it is 
little, the water and hydroxy group are included in also 
organic SOG. 

Furthermore, insulating property and mcchatiical strength of 
SOG arc low incomparison with silicon oxide which was 
formed with CVD method . 


[0069] 

These problem in SOG a 


; evaded, there is a method below. 


[1] By fact that thermal processing of high temperature of 800 
deg C or greater isadministered, SOG stability of non doped is 
designated as the silicate glass. 

In addition, in order furthermore to ease stress stress, if to 900 
- 1000 deg C where silicon oxide starts having fluidity once it 
should haveheatcd. 

Furthermore to thermal processing , making use of RTA 
(Rapid Thermal Annealing ) device not only a general electric 
furnace it is good. 

[0070] 

As disclosed in [2] Japan Unexamined Patent Publication Hei 
1- 307247 disclosure, by fact that oxygen plasma treatment 
isadministered to organic SOG film, it disassembles organic 
component which changing in Si-O-Si bond, is included C-Si 
connection in organic SOG film in organic SOG film. 

[0071] 

As by fact that doped it does fluorine, organic component 
isdisassembled in [3 J organic SOG film making use of ion 
implantation, water and hydroxy group which are included in 
film are decreased {L-J. Chen, S-T. ilsia, J-L. Leu, 
Proceedings of IEEE VMIC, p.81 (1994). Reference}. 

[0072] 

By fiict that doped it does silicon or phosphorus, organic 
component is disassembled in [4] organic SOG film making 
use of ion implantation {N. Moriya, Y. Sha cha m-diamond, 
R. Kalish, Journal of the Electrochemical Society (0013 - 
4651, JESOAN ), Vol.140, No,5, p. 1442 (1993). Reference}. 

[0073] 

By fact that argon, nitrogen, nitrogen oxide or other plasma 
treatment is administered to [5] organic SOG film, organic 
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component i.s di.sa.s.semblcd {C. K. Wang, L. M. Li u, H. C. 
Cheng, H. C. Huang.M. S. Li n. Proceedings of IEEE VMIC, 
p. 101 (1994).M. Matsuura, Y. li, K. Shibata, Y. Hayashide, 
H. Kotani, Proceedings oF IEEE VMIC, p.l 13 (1993). 
Reference}. 

[0074J 

By fact that doped it does fluoride silicon, fluoride boron, 
argon, boron, nitrogen, organic component isdisassembled in 
[6] organic SOG film making use of ion implantation 
{Mizuhara other things; Shingaku Giho SD M9 4- 145 (1 ,994 
- 1 1) reference}. 

[0075] 

Furthermore like below it is possible to modify 
above-mentioned Working Example, even with in that case 
similar action and effect can acquire. 

oxidation doing inside wall of (1) trench 2, after forming 
silicon oxide film,being filled, it imbeds pad material to 
internal of trench 2. 

When insulator is used this time, as pad material, in same 
wayas above-mentioned Working Example, pad of internal of 
trench 2 andformation of insulating film 3a are done 
simultaneously. 

[0076J 

In addition, when electrically conductive material (for 
example polysilicon ) is used as pad material, in the internal 
of trench 2 pad material after being filled, it forms forms 
insulating film 3a on substrate 1. 

In this case, if polysilicon which was formed with CVD 
niethod is used,intemal is imbedded securely even with when 
trench 2 is deep thatduc to embedding property which is 
superior, it is possible . 

[0077] 

material of insulator which is imbedded to internal of (2) 
trench 2 and material of insulating film which is formed on 
substrate 1 "are dcsignatedas that differs. 

You put (3) trench 2 in pn junction region and replace, form 
insulating film 3a on the pn junction region. 

element separation in this case is done jointly using pn 
junction region and in.sulating film 3a. 

Therefore, concerning action and effect regarding insulating 
film 3a, it becomessimilar to above-mentioned Working 
Example. 

[0078] 

(4) trench 2 is excluded, just insulating film 3a is provided. 
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[0079] 

(5)n* 12 CDaffiCD^:7t-X^;*C^<-r-&o 

Z(7)li^.iBJIIl 14 i:V-X-KU'f>^il^ 13 

-So 

[0080] 


(7)XfI 4 lzfca^r , vU=i>M 1 1 ^vU-y-^- 

1 1 ^/^^--^c't^zt-^. mmm 14 ^ff^is 

Z(Dm-t.J:m 5 ICfc(t^n^°'Jv'J=l>II 11 CD 
x-v^yvy-:?*!:, xfS 6 irfclt-SIE^^ 14 (Om 

[0081] 


V. TKUvUal^HI 1 1 t^Co n -HI?!; 9 'NCDtm-r 
[0082] 


In this case, it becomes impossible to obtain actioti and effect 
regarding the trench 2, but it becomes similar to 
above-mentioned Working Example concerning action and 
effect regarding insulating film 3a. 

[0079] 

roughness of surface of (5) n* region 12 is enlarged. 

In this case, assured ohmic contact of metallization layer 14 
and source * drain region 13 is taken, it ispossible . 

10080] 

(6) metallization layer 14 is formed with appropriate 
electrically conductive material (for example doped K 
polysilicon ) other than the metal. 

In (7) step 4, polysilicon membrane 1 1 to polycide is 
converted, to the polycide by fact that patterning it does 
polysilicon membrane 1 1 whichis converted, metallization 
layer 14 is formed. 

In this case, elchback of polysilicon membrane 1 1 in step 5 
andformation of metallization layer 14 in step 6 are excluded, 
it is possible. 

[0081] 

By fact that barrier layer is fonned in surface of (8) n" region 
9,description above (1), condition of (2) is satisfied together. 

barrier layer where namely, electrical resistance is low in fully 
by fact that itforras in boundary of n region 9 and polysilicon 
membrane 1 1, condition of iheabovc-mcntioncd (1) is 
satisfied. 

In addition, barrier layer where transmittance of impurity is 
low by factthat il fomis in boundary of n" region 9 and 
polysilicon membrane 1 1, the scattering of arsenic ion to n' 
region 9 is controlcd from polysilicon membrane 1 1, condition 
of above-mentioned (2) is satisfied. 

As that kind of barrier layer, you can list titanium nitride, 
nitrogen titanium dioxide, tungsten etc. 

[0082] 

polysilicon membrane 1 1 of (9) non doped ion implantation 
doing arsenic afterforming, it is not to form n'region 12, when 
fonning polysilicon membrane 1 1 with CVD method, n'region 
12 which consists of doped K polysilicon metnhrane by fact 
that gas which includes n-type impurity is addedis formed. 

In this case, controling scattering of impurity to n'region 9 
from the doped K polysilicon membrane, because condition 
of above-mentioned (2)it satisfies it becomes difficult, like 
above-mentioned (8)it should have provided barrier layer. 
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[0083] 

(lO)/1^'iJvUr3>ii 11 $ffi(7)^mt4«*4(^J^ 
it.m^ CVD )^VBfS,tMz^yO'Xy-y)\z 

[0084] 

(12) X?I 4 [ZUI^X. t*<Df-tt^yiC'J>^/i(i 
[0085] 

(13) n =5^"^^-)^ MOS K^>v^5!Tii^):< p TV 

MOS h^>vX^!c5ifflf -So 

n- fiilK 9 1* p flMlC. fl^ 12 

tt p' mmizm^ith^j.p mmt p' ^i^tA^ 

[0086] 

(14) LDD in^(D MOS h^^vX^fCJlffl-r-So 
$ttTL>'5ii^(Dtgii(D MOS h-^l/vX-JzHfc 
[0087] 

(16)MOS h^>vX^!/£lt-e^f<. te(7>^^(/NV 


[0088] 

(4)mM 8-1 1 (DL^-r";t^A^ 1 iIlrtS«ro¥^ 
SOG ^ilto^i^s 800 dea C liL±(7?;a;gCDS5a 

ocDsaii^si^ SOG izmirnmim^tz 


[0083] 

You put (10) polysilicon membrane 1 1 in other electrically 
conductive material (tungsten which was formed with for 
example selective CVD method ) and replace. 

In this case, ion implantation in order to form n' region 12 is 
excluded, it ispossible . 

[0084] 

In (1 1) step 3, in place of phosphorus arsenic or antimony the 
ion implantation is done in substrate I . 

In ( 12) step 4, in place of arsenic phosphorus or antimony the 
ion implantation is done in polysilicon membrane 1 1. 

[0085] 

Is not (13) nchannel MOS transistor and it applies to pchannel 
MOS transistor. 

You put namely, p-type single crystal silicon substrate 1 in 
n-type single crystal silicon substrate and nwcU layer and 
replace, put the phosphorus ion and arsenic ion in boron ion 
or other p-type impurity ion and replace. 

Because of this, n" region 9 in p" region, you put region 1 2 
in the p" region and substitute, source * drain region which 
consists of p' region and the p" region is formed. 

[0086] 

It applies to MOS transistor of (14) LDD structure. 

It applies to clement separation in MOS transistor of 
conventional structure where (15) source * drain region is 
formed to surface of substrate 1. 

[0087] 

Not only a (16) MOS transistor , it applies to clement 
separation of other element (bipolar transistor, capacitor, 
resistance etc). 

You explained above, concerning each Working Example, but 
with those effects itstates below concerning technical concept 
other than Claim which can begrasped from each Working 
Example. 

[0088] 

In manufacturing method of semiconductor device which is 
stated in any one claim of (J2 ) Claim 8-1 1 , in internal of 
trench SOG manufacturing method,, of semiconductor 
device which has step which administers treatment of at least 
one which isselected from group which consists of treatment 
which the thermal processings oxygen, argon, nitrogen, 
nitrogen oxide or other plasma treatments fluorine, silicon, 
phosphorus, fluoride silicon, fluoride boron, argon, boron. 
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[0089] 

iztsi^X.m^ CVD ;£^fflLNrn>^i'?h7^- 


[0090] 

(/\)HS^S 14-17 CDL^-rn*^ 1 Ii(CIg«tCD4^ 


[0091] 

(-)±iS(M)i-iB«(7)4i^{*^S(7)Mii:^;i 


[0092] 

(7) 5S ^ 4- S -v ^ a > ^ ^ h ^ <t -i> C A < -C # 


[0093] 

UK S I* >MilJ iSH^iH t (DStH^fpf- 


nitrogen of high temperature of pad and 800 deg C or greater 
ion implantation is done to the this said SOG 

[0089J 

If it inakes this way, deficiency of SOG can be overcome. 

manufacturing methodo of semiconductor device which 
being filled, imbeds tungsten to the internal of contact hole in 
manufacturing method of semiconductor device which is 
stated in (jp2 ) Claim 14 , making use of selective CVD 
method 

[0090] 

If it makes this way, electrically conductive film where 
electrical resistance is low can be acquiredsimply. 

manufacturing methodo of semiconductor device which has 
step which forms metallization layer on impurity region of 
high concentration chair of (jp3 ) Claim 14-17 ti in 
manufacturing method of semiconductor device which is 
stated in one claim 

[0091] 

If it makes this way, material of metallization layer can be 
selcctcdappropri atcly . 

manufacturing methodo of semiconductor device which has 
step which controls roughness of surface of impurity region of 
high concentration in manufacturing method of 
semiconductor device which isstated in (jp4 ) 
above-mentioned (jp3 ) 

[0092] 

If it makes this way, of source region or assured ohmic 
contact of drain region and the metallization layer is taken by 
fact that size of roughness is controlledit is possible . 

On impurity region of low concentration, electrical resistance 
to be low in manufacturing method of the semiconductor 
device which is stated in any one claim of (jp5 ) Claim 15- 
above-mentioned (jp4 ),and manufacturing methodo of 
semiconductor device which has step which forms barrier 
layer where iransmitiancc of impurity is low 

[0093] 

If it makes this way, impurity scattering to impurity region of 
low concentration being the barrier layer from impurity region 
of high concentration, because it is controled, increascof 
connecting capacity of source * drain region can be evaded. 

In addition, because electrical resistance of barrier layer is 
low, of source region or assured ohmic contact of drain region 
and mctallii:ation layer is taken, it is possible . 
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(b)iBJg^i:li. ^mmmt£\il:tji<. ."KUvUn 
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[^0J<D?j!j^] 
[0097] 

[|l®(D^W^~IjiB3] 

[mi] 

[112] 

- S IS ^1 (75 M ii X f I ^ l5i r f c <!6 CD M S§ ^ 
[US] 

[E14] 

-mmm(Dm'^jimMmt^fzi^(Dmm 
mmo 

-mmm(Dmmj:m'^mBMt^fz/^(Dmm 

[me] 
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[0094] 

By way, member which relates to Constitution of Invention in 
this specification, Ukebclow are defined. 

(a ) substrate, not only a single crystal silicon substrate , 
include also welU polysilicon membrane and amorphous 
silicon film etc. 

[0095] 

(b ) metallization layer, not only a metallization , include also 
polysilicon metallization. 

[0096] 

[ElTccts of the Invention] 

1) surface area of disassociated element region is decreased 
can offer possible semiconductor device and its 
manufacturing method. 

[0097] 

2) semiconductor device and its manufacturing method which 
are superior in planarity of the device surface can be offered. 

3) MOS transistor which is superior in response characteristic 
can be offered. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

conceptual cross section diagrams in order to explain 
production step of one Working Example 

[Figure 2] 

conceptual cross section diagramo in order to explain 
production step of one Working Example 

[Figure 3] 

conceptual cross section diagramo in order to explain 
production step of one Working Example 

[Figure 4] 

conceptual cross section diagranto in order to explain 
production step of one Working Example 

[Figure 5] 

conceptual cross section diagramo in order to explain 
production step of one Working Example 

[Figure 6] 

conceptual cross section diagranio in order to explain 
production step of one Working Example 

[Explanation of Symbols in Drawings] 
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single crystal silicon substrate 
10 

contact hole 
11 

polysilicon membrane 
12 

n+ region as impurity region of high concentration 
13 

source * drain region 
14 

metallization layer 
2 

trench 
3 

insulator 
3 a 

insulating film 
4 

gate insulating film 
7 

gate electrode 
8 

sidewall spacer 
9 

n- region as impurity region of low concentration 
;al 

disassociated clement region 
;be 

element-forming region 
[Figure IJ 
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